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370 N. Armenise et al. [ Elastic antineutrino interactions

from ¥ interactions observed in this experiment. It is the fraction of them that inter.
act producing only slow protons of kinetic energy <30 MeV. The corresponding valye
for the 7° was deduced by assuming charge independence in pion-nucleon interactiopg
[3]. The resulting contamination is 13 * 3 charged current one 7~ events and 11+2
charged current one 7° events. The background due to 27 charged current events
was found negligible by the same procedure.

(c) Single 7° charged current events can simulate an elastic event also when the
7 is undetected. This contamination was determined from the number of observed
¥’sin u* + ny events. It was concluded that 26 + 4 events of this type have been
included in our sample.

100 ] (3\
80|
- 837Ev. a)
960
3
°
LT
2
3 40L
z
20} _I__
+
o R a—— .
100
T4 Ev. th)
10l .P'H‘{'—I— 104 Ev. «©)
__I_
0 {-'} - e
0 .5 1. 1.5 q*Gevrcy®* 2,

Fig. 3. q2 distribution: (a) selected events corrected for scanning efficiency, (B) background, (c)
losses.
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(d) The events ¥p > p*A° simulate charged current elastic events when the A°
is unseen because it decays via neutral particles or outside the visible volume. From
the observed number of events with a A° a background of 12 + 3 events was cal-
culated. The background due to undetected K%’s was found to be negligible.

(e) If the produced neutron interacts in the parent nucleus producing a fast
visible particle (a proton of kinetic energy >30 MeV or a pion) the event would be
excluded from our sample. The probability for such an event to occur has been
computed by a Monte Carlo calculation. The cross sections of neutrons on bound
nucleons, calculated [4] taking into account the intranuclear cascades generated in
the complex nuclei were used. For a given g* and a given nucleus the probability
of producing an event which would not satisfy the kinematical and topological
requirements listed in sect. 2, was computed. It was found that the total number of
events to be added to our sample is 104 £ 11,

In figs. 2 and 3 the energy and ¢? distributions of the selected events, corrected
only for the scanning efficiency which was tested to be independent of E5 and ¢2,
are reported. For comparison, the same distributions for the calculated background

and losses are also given.

5f them that inter-
corresponding value
qucleon interactions
‘eventsand 11 £2
current events

b e

t also when the
mber of observed
ype have been

—

< B <. . s i s 5 L N

4. Comparison of the experimental results with theory

4.1. Calculation of cross section

a)
; In the framework of the classical (V — A) theory, assuming charge symmetry and
; time reversal invariance, the differential cross section do/dq? of reaction (1) is
' described by the equation *

‘ do  G?cos® OcM? s—u s —u\?
——=—-—————————A2————-Bz+(——~)C2, 3
do e (@ B (G ) ) ®

where M is the nucleon mass, G the coupling constant, d¢ the Cabibbo angle and:

s——u=4E,;M—q2-mﬁ,

2 2 2 2 2 2
_g*tm q 2 4 ( q q
4= 4M2#{F%’(M2—4)+FM1TF 1-4M2)+4FVFMM2

D

I

b +F3\(4+i’;) _Tf';- (Fy +Fu)? +Fi }

— M M

o B=qi(Fy + F) FAM? . C=4(FY+ PRUaM* +FR) .

y The pseudoscalar contribution is neglected. The form factors are parametrized in the
» o2,

y, (b) background, (c) '
i * For a complete discussion and the meaning of notations, see ref. [5].
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: usual dipole form:

“y
: b+ mPy
|

According to the isotriplet current hypothesis, Fy and Fy are assumed to be identica]

L with the isovector nucleon form factors (Fv(0) =1, Fy(0) =3.71, My, =My =0.84
L GeV/c?). Assuming F,(0) = 1.26 [9] the only free parameter remains M A
03 As in our experiment the target proton of reaction (1) is almost always bound
‘ in a nucleus, it is necessary to modify eq. (3) to take into account the effects of
Fermi motion and the Pauli exclusion principle for which a simple Fer
was used; in fact, more sophisticated models (like the shell model) do

ciably different results [6& - Eq. (3) was also corrected for the effect
due to experimental resolution.

mi gas model
not give appre-
s of broadening

4.2. Determination of M. 4

A least square fit consisting in minimizing the function n=Z, NV - NP2

was used to extract M, from the experimental data. The analysis was performed on
the following distributions: ‘

& 10%%cm?®)

]

Ma = 0.84

!
i Fl 1 1 1 i :
1 2 3 4 5 ] ED (Gav) !
Fig. 4. Total elastic cross section versus energy. The curve is the theoretical prediction for our
best fitted value of M A- The error bars indicated here include both statistical and systematic
er7ors.
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the total elastic cross section as a function of energy;
the differential distribution dN/dq? averaged over the energy spectrum;

the two-dimensional distribution dN/dq? versus Ey.
Figs. 4 and 5 show the total cross section for reaction (1) asa function of energy

and the differential distribution dN/dg?. The curves on the figures are the theoretical

curves computed for the best fitted value of M4 (respectively M, =084 GeV/c?
A =094 Ge\L/cﬁ and corrected as said before. The experimental errors include

statistical fluctuations, uncertainty on the flux of the 7 beam and the corrections

mentioned in sect. 3.
As it is evident from figs. 2 and 3, the losses and contaminations (due to second-

€

100 _)'\ T

\

60

40

20

L 1 - — |
o .5 1. 1.5 q*(GeV/c)" 2.
dN/dq? integrated over the energy spectrum between 1 and 10 :

1 prediction for our best fitted value of M. oo ‘f

o

Fig. 5. Differential distribution
GeV. The curve is the theoretica
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ary nuclear effects which are present when reaction (1) occurs on a bound proton Tz
target) are comparably small when 4’ <06 (GeV/c)?. Moreover, the Paul exclusion Re
principle alters the cross section in a negligible way when q*>0.15 (GeV/e)?. -
X Thus, the dV/dq? distribution inside the interva] 0.15 <42 <0.6 (GeV/e)? is

ely error free. The value of M A Obtained from the data within these limits of of.

=00 is in excellent agreement with those mentioned above. da

/ V do
43, Simultaneous determination of My and My, -

A two-parameter fit, in which both My and My, are allowed to vary, was ‘
attempted. The result, obtained from the two-dimensional distribution dN/dq? ’

5.
versus E; is shown in fig, 6. The best fit (n=54,ND =47) in the (Ma, My) plane is |
given there, together with the contours corresponding to one and two standard devia-
tions. The value of My, (0.81:%_%25 GeV/cz)(is consistent with the CVC predictions to
and the value of M, (0.94":%%% GeV/e?) is in agreement with the one-parameter fit , to
of subsect. 4.2, lis
: fo
'N
g
S
® {1
Y 9 fit
2
, R
!
[1
.8 (2
[3
I
‘ s
{ [6
{7
7 8
{9

1 1 ‘f'
8 9 10

11 Ma(Gevie® {
; Fig. 6. Best fit in &/ A My space. The contours correspond to one and two standard deviations.




pound proton

/0.6 (GeV/c)* is
thi'rII these limits of
iioned above.

ed to vary, was
disgribution dV 1dq®

Sin the (Ma, My) plane is
hie and two standard devia-
ith the CVC predictions

ith the one-parameter fit

4
¢

i
11 Ma(GeVvic®)

id two standard deviations.
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Table 2 )/
Results of fits on the parameter M 5

Ma n ND
o(Ep) 0.84 + 398 9.5 10
dN/dq? 94 :0. 8.5 12
do/dq? (E5) 0.91 0.0 55 48

5. Conclusions

The analysis of the elastic ¥ events carried out in this experiment has been used
to determine the value of the axial vector form factor parameter M both from the
total cross section and the ¢ distribution. The results obtained in various ways are

listed in table 2.
2

A combined fit on g° versus E3 of do(q?, Ep )/dg? gives as best fit value:
My=0912004GeV/ED '

for My =0.84 GeV/c?. .—
A simultaneous determination of My and M, gives

My=081%9%% , My=09474% .

Previous determinations of M, for antineutrinos have been given by Bonetti et al.
{1]. They find M5 =0.94 £ 0.17 GeV/c? from the g2 distribution. Barish et al. [8]

find M, =095 £0.09 GeV/c?, from neutrino quasi-elastic scattering.
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